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IMPORTANCE OF MODELS IN STUDYING 

THE EYE 

 Allows for a deeper 

understanding of the eye 

How Intraocular Pressure 

(IOP) and mechanical 

property changes affect 

stress/strain in the eye  

 Allow for possible 

prediction of outcomes 

in astronauts based on 

eye health 
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HOW DO THE MODELS FIT IN? 
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GAPS TO BE ADDRESSED 

 Gap (VIIP2) Does exposure to microgravity 

cause changes in visual acuity, intraocular 

pressure and/or intracranial pressure? Are the 

effects related to mission duration?  

 Gap (VIIP4) Are changes in visual acuity related 

to changes in chronic choroidal engorgement, 

elevated intraocular pressure and/or 

intracranial pressure?  
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THREE PAPERS 

 Finite element modeling of the human sclera: 

Influence on optic nerve head biomechanics 

and connections with glaucoma 

 The optic nerve head as a biomechanical 

structure: initial finite element modeling 

 Factors Influencing Optic Nerve Head 

Biomechanics 
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FINITE ELEMENT MODELING OF THE 

HUMAN SCLERA 

 Individual specific 
corneoscleral shell 
parameters paired 
with idealized ONH 
 P1 – 2.4-4.6 

 P2 – 1.6-3.2 

 P3 – -3.8 - -7.3 

 Sensitivity analysis 
conducted using 
idealized scleral and 
ONH 
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THE OPTIC NERVE HEAD AS A BIOMECHANICAL 

STRUCTURE: INITIAL FINITE ELEMENT MODELING 

 

 Thirteen digital 3D geometries representing 

idealized human eyes were studied 

 Models were varied in scleral wall thickness, 

scleral canal shape, and inner radius 

 Measured stress at 15 mm Hg IOP 
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FACTORS INFLUENCING OPTIC NERVE HEAD 

BIOMECHANICS 

 
 Detailed 

sensitivity 
analysis of ONH 
to various input 
factors 

 Measured 
outcomes via 
different output 
factors 
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METHOD OF COMPARISON BETWEEN  

INPUT FACTORS 

- Absolute response - the range of outcomes by 

varying only one input factor of a particular 

outcome 

- Total response - the sum of the absolute responses 

for one particular outcome 

- Relative response - absolute response of one factor 

divided by the total response 

- Total influence – sum of relative responses of 

single input over all outcomes 
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SUMMARY OF TOTAL INFLUENCES 
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OTHER IMPORTANT INFORMATION 

Mechanical Properties of the human eye 

“Finite Element Modeling of Optic Nerve 

Head Biomechanics” – Sigal et al. 

Relative Distances b/t structures in the eye 

- “Anatomic Relationship between Lamina 

Cribrosa, Intraocular Space, and 

Cerebrospinal fluid Space” – Jonas et al. 
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MORE MATERIALS PROPERTIES 

Mechanical Properties of the human eye 

“Factors Influencing Optic Nerve Head 

Biomechanics– Sigal et al. 
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ASSUMPTIONS AND CONSIDERATIONS 

 Several simplifications 

 Geometries 

 Linear materials properties 

 Ignores some important aspects of structure, such as 

the non-homogeneity nature of the various tissues 

 Future work needed 

 Obtain non-linear materials properties 

 Account for non-homogeneity in structures 

 Make shapes of the eye more realistic 
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CONNECTION WITH THE BRAIN AND ICP 

 CSF acts on optic nerve of eye 

 Compress nerve and vasculature 

 Push against lamina cribrosa 

 Effects on ON not understood 

 Pressure against LC causes 
deformation and can disrupt 
trans-laminar pressure 

 Possibility of segregation of CSF 
due to increased ICP 
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RECOMMENDATIONS 

 For design of the model 

 Begin with the current linear materials properties 

currently in literature  good starting point 

 Use an idealized geometry 

 Integrate eye model with brain/CSF as single model or 

through inputs/outputs 

 Once a simplified model is created 

 Account for realistic structure of the eye  Jonas et al. 

 Find or measure non-linear viscoelastic properties 
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PRELIMINARY VIIP INTEGRATED MODEL 

 Based on 7-

compartment model 

proposed by Sorek et 

al. 

 Accounts for 

interactions between 

vascular and cerebral 

fluid systems 

Optic Nerve Eye 
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